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其中 BmNPV 和 AcMNPV VP39 同源性高达 93.7%。本研究通过制备针对




本研究首先构建了 AcMNPV 和 BmNPV VP39 蛋白的高保守区段（16～
903bp）的表达载体 pTO-T7-vp39-Ac/Bm，经转化E.coli表达，表达产物约为 32kD。
VP39 蛋白主要表达在包涵体中，目的蛋白可溶于 8M 尿素，后经电洗脱纯化，
SDS-PAGE 分析目的蛋白纯度可达 97%以上。然后将重组蛋白 VP39-Ac/Bm 交叉
免疫 BALB/c 小鼠，并利用常规单抗制备技术和间接 ELISA 法筛选单抗， 终
成功获得了 17 株抗 VP39-Ac/Bm 抗原的单克隆抗体。单抗的滴度和亚型通过间
接 ELISA 法分析。经条带免疫印记实验证实，有 8 株单抗对两种抗原和病毒均
有良好的的反应活性。免疫荧光结果表明，有 4 株单抗与 3 种已感染的昆虫细胞
均有较强反应。扫描共聚焦显示，感染后 16h VP39 单抗即可与感染后细胞反应。
以上 4 株单抗为一抗，通过酶联免疫斑点（Elispot）法对感染后 16h 的昆虫细胞
sf21 和 BmN 进行检测，结果发现 1 株单抗与两种细胞均有反应，且与传统方法
的检测结果存在较好的相关性。以上结果表明，本研究利用 Elispot 技术初步建















验室建立 BmNPV/家蚕表达系统。感染后 5～6 天，肉眼可见蚕体呈现红色。全
波长扫描仪对各时间段收集的感染家蚕血淋巴进行检测，发现感染后第 5天 RFP
呈暴发性增长。普遍认为戊肝病毒开放阅读框（ORF）2 存在保护性中和表位。
本研究构建了含有 HEV ORF2 112-606aa 共 495 个氨基酸的重组病毒。对感染宿
主研究后发现，感染第 5 天，目的蛋白在蚕体内出现突然性增长，而蚕蛹中未发
现明显变化。家蚕 浆液和血淋巴的 ELISA 检测结果显示，>90%的蛋白存于
浆液中。通过比较不同的 浆体积，发现 10mL 缓冲液/3.8g 蚕体时，蛋白得率
高。通过以上结果，我们选择家蚕作为感染宿主，感染后 5 天 浆处理感染家

























BmNPV/silkworm expression system express foreign protein in silkworm, which 
is the only economic insects that can artificial feeding on a large scale. Compared 
with the insect cell expression system, it show higher expression level, and cheaper 
cost. It has great application prospect. It is important to determine titer of virus stock 
for arriving at an optimal multiplicity of infection that maximizes recombinant protein 
expression. A number of methods have been reported,however, most of them are 
tedious, time-consuming, and can only detect AcMNPV. VP39 is the major 
nucleocapsid of baculovirus. The homology of amino acid sequences between 
AcMPV and BmNPV is 93.7%. In this study, a method for detecting both AcMNPV 
and BmNPV based on VP39 monoclonal antibody was created.The method is very 
useful to perfect BmNPV/silkworm expression system, which was also established in 
this paper. 
We firstly constructed a expression vector pTO-T7-vp39-Ac/Bm which contains 
16-903bp of VP39 sequence. When transformed into E.coli, the bacteria expressed a 
32kD recombinant protein. VP39-Ac/Bm mainly expressed in inclusion body which 
was dissolved in 8M urea. VP39-Ac/Bm was purified by electroelution and the final 
purity is above 97%. The purified VP39-Ac/Bm was used to immunize BALB/c mice. 
17 monoclonal antibodies were purified, and 8 had good activty to both baculovirus 
by Western Blotting and immunofluorescence. The monoclonal antibodies presented 
high sensitivity by CONFOCAL assay, which showed the antibodied could interact 
with infected cells after 16 hours. Then we utilized Elispot reader to futher evaluate 
the antibodies. Finally, we found that one antibody was comparable to titers 
determined by traditional methods. The result indicated that a precise, quick and high 
throughput method which can detect both AcMNPV and BmNPV is established. 
In this study, the BmNPV/silkworm was firstly established using the red 
fluorescent protein(DsRFP). The body of silkworm infected by Bv-DsRFP showed 














constructed a fragment of HEV ORF2（112-606aa）, which is believed to contain 
nutralization epitope. We compared several factors in this system, finally, we choiced 
silkworm larve as infected host, not pupae; homogenation as material of 
purification,not haemolymph; 10mL buffer/3.8g silkworm was optimal for 
homogenate. Then the HEV ORF2 protein was purified through  repeated freezing 
and thawing, ammonium sulfate precipitation and DEAE aion-exchange 
chromatography. The final purity was over 90% by SDS-polyacrylamide gel 
electrophoretic analysis, and it could form virus like particles（VLP） autonomously 
by transmission electron microscopy investigation. The VLP  showed high 
immunogenicity. And it meaned that utilizing BmNPV/silkworm system to produce 
the diagnostic reagent of HE antigen was valid , which provided a new solution to 
reasearch and development of engineered vaccine of HE. The protein also presented 
good antigenicity. In this study, we initially established an intact and effective 
technology road of BmNPV/silkworm expression system. Also we provided a helpful 
reference to the problem of difficult purification of silkworm homogenate. 
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AcNPV：Autographa californica NPV，苜蓿银纹夜蛾核型多角体病毒 
Amp：Ampicillin，氨苄青霉素 
Bac-to-Bac：Bacterium to Baculovirus，大肠杆菌-昆虫细胞穿梭载体系统 
Bacmid：Baculovirus plasmid，杆状病毒质粒 
BmSNPV：Bombyx mori SNPV，家蚕单衣壳型核形多角体病毒 
BV：Budded virus，出芽型病毒 
CpGV：Cydia pomonella granulovirus，苹果小蠹蛾颗粒体病毒 
Da：Dalton，道尔顿 
DsRFP：Enhanced green fluorescent protein，红色荧光蛋白 
ELISA：Enzyme-linked ImmunoSorbant Assay，酶联免疫吸附测定 
Elispot：enzyme linked immunospot assay，酶联免疫斑点法 
EM：Electron Microscopy，电子显微镜 
GV：Granulovirus，颗粒体病毒 
HE:  Hepatitis E,戊型肝炎 






MOI：Multiplicity of infection，感染复数 
NPV：Nucleopolyhedrovirus，核形多角体病毒 
Ori： Origin，复制起始位点 
ORF：Open reading frame，开放阅读框 
ODV：Occlusion derived virus，包涵体来源型病毒 















PFU：Plaque forming unit，空斑形成单位 
RdRP：RNA-directed RNA polymerase，RNA 依赖的 RNA 聚合酶 


















































































图 1. 杆状病毒的分子结构 




























































出芽时获得。gp64[18]为 BV 特有的病毒包膜糖蛋白，对于 BV 从宿主细胞上的出
芽是必需的[19]，同时介导病毒粒子与宿主细胞的融合[19-23]，抗 gp64 的单克隆抗
体能够阻断 BV 对宿主细胞的感染[24, 25]。gp64 并非在所有种类杆状病毒的 BV 上
均存在，组 I NPV 的 BV 以 gp64 作为其膜融合蛋白，组 II NPV 和 GV 则使用另
一类称为“F蛋白”的膜融合蛋白。早期的研究认为 F蛋白的功能与 gp64相似[26-28]，
现在研究发现，gp64 与 F 蛋白在介导杆状病毒转导哺乳动物细胞的能力上存在
不同，似乎 gp64 具有更强的转导能力[29, 30]。 
ODV 由脂质外膜包裹单个或多个核衣壳构成。ODV 外膜是宿主细胞核内装
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